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1. Motivations2. Two gluons�!four gluonse�etive transition vertex3. The Vertex in the forward diretion4. The Triple Pomeron Vertex� Collinear ase� Antiollinear ase5. Angular averaged TPV in Balitzki-Kovhegov equationwritten for unintegrated gluon density.6. Conlusions



1.Motivations
#� One of basi elements of e�etive �eld theory based on BFKLpomeron� Understanding of fan diagram equation for gluon density� Some aspets of the of the pomeron loop
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2.Two gluons!four gluons e�etivetransition vertex.(Batels,Wustho�) Let us onsider:
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k4k3k2Figure 1: Example of diagrams that orrespond to the VertexVa01a02;a1a2a3a4(�1; �2; k1; k2; k3; k4) = (1)p2�Æa01a02pN2 � 1"Æa1a2Æa3a4V (1; 2; 3; 4) + Æa1a3Æa2a4V (1; 3; 2; 4)+Æa1a4Æa2a3V (1; 4; 2; 3)#where V (1; 2; 3; 4) � V (�1; �2; k1; k2; k3; k4); (2)V (1; 2; 3; 4) = 12g4[G(1; 2 + 3; 4) + :::: (3)G(a; b; ) = Greal(a; b; ) +Gvirtual(a; b; )and Greal = K2!3In forward ase and when  = �aG(a;�;�a)!KBFKL(a;�a)Vertex satis�es Ward identities i.e. V(k1; k2; k3; k4)! 0 if any ki = 02



3.Vertex in the forward diretionLet us onsider on�guration:
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Figure 2:Vertex simpli�es:Va01a02;a1a2a3a4(k;�k; l;�l;m;�m) = p2�Æa01a02pN2 � 1�"Æa1a2Æa3a4�G(l;�m) +G(�l;�m) +G(l;m) +G(�l;m)�+Æa1a3Æa2a4�G(l;�l) +G(m;�m) +G(�l;m) +G(l;m)�G(l;�l �m)�G(�l; l +m)�G(m;�l �m)�G(�m; l +m) +G(l +m;�l �m)�+Æa1a4Æa2a3(G(l;�l) + :::)#
goal#twist struture of TPV.3



4.The Triple Pomeron VertexCollinear limit
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−lFigure 3:Conneted partG1(l;m) = l2k2(k �m)2 + m2k2(k +m)2 � (l +m)2k4(k � l)2(k +m)2 (4)jkj>>jlj; jmj Expanding G(l;m)in l=k, m=k we identify:twist four G1(l;m) ' 4� k2 �2(l�m)2 � l2m2k4 � (5)Projetion on olor singlets in Æa1a2Æa3a4VLONrlfa0g (l;�l;m;�m) = ~Æa01a0216�g42 k2 (2(l�m)2 � l2m2)k4 (6)K lBFKL = 2k20l2jk20 � l2j ' 2k20 (7)KmBFKL = 2k20m2jk20 �m2j ' 2k20 (8)and onvolution with ollinear approximated BFKL kernels gives:(K2!2K2!2)
 VLONrlfa0g= ~Æa01a0216�k2g42 Z k2k20 d2l(2�)3 Z k2k20 d2m(2�)3 2k20l4 2k20m4 (2(l�m)2 � l2m2)k4 = 0 (9)In ollinear approximation we do not get ontribution from TPV.Leading twist vanishes! olinear pole vanishes. Mismah with GLR.4



Disonneted part
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Figure 4:G2 funtion reads:G2(l;m) = �2k4ln jljjl +mjÆ(l2 � k2)� 2k4ln jmjjl +mjÆ(m2 � k2) (10)Convoluting with impat fator and adding rungs we get:�
KBFKLKBFKL 
 V ' k60Q61 log k60Q61 (11)"negligible in DIS limit
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Antiollinear limit
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Figure 5:G1(a; b) = w2 � 1(1� wa )2 + 1(1 + wb )2 � (wa + wb )2(1� wa )2(1 + wb )2� (12)w<<p; q the leading term is:VLONrlfb0g (p;�p; q;�q) ' ~Æb01b022�g42 2w2 (13)"orresponds to the antiollinear pole in Mellin spaeComments:� We do not get logarithmi ontribution after onvolution withBFKL kernel.� One gets expeted logarithms in when one allows non forwardon�guration.� Disonneted piees do not give expeted fourth power of log6



3.Angular averaged TPV in BK writtenfor unintegrated gluon densityBK fan diagram equation(Bartels,Lipatov,Vaa)Averaging over angles yields: #VL0Nfag (a;�a; b;�b) = ~Æa01a02 g42 (2�)2�8k2�(a2 � k2)�(b2 � k2)+12k4ln�a2b2� Æ(a2 � k2)�(b2 � a2) + 12k4ln� b2a2� Æ(b2 � k2)�(a2 � b2)�
It's ation on Green funtion f (2)(a; b) = f (1)(a)f (1)(b):

#VL0Nfag (a;�a; b;�b)
 f (2)(a; b) = C~Æa01a02 k2 Z 1k2 da2a4 f(a2) Z 1k2 db2b4 f(b2)++12f(k2) Z 1k2 da2a4 ln�a2k2� f(a2) + 12f(k2) Z 1k2 db2b4 ln� b2k2� f(b2)!Comments:� main ontribution from antiollinear pole� the lower k the longer path of integration, and stronger nonlinearterm� presene of disonneted ontribution7



The same struture in BK equation for unintegrated gluon density:(Kimber,Martin,Kwiei�nski),(Kwiei�nski,K.K)�f(x; k2)� ln 1=x = N�s� K 
 f(x; k2) (14)�2�2sR2 "k2�Z 1k2 dk02k04 f(x; k02)�2 + f(x; k2) Z 1k2 dk02k04 ln�k02k2� f(x; k02)#related through f(x; k2) = N4�s�2k4r2k�(x; k2)to: ��(x; k2)� ln 1=x = ��K 
 �(x; k2)� ��2(x; k2) (15)
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Conlusions and additional omments� 2 �! 4 Vertex projeted onto pomerons doesn't give ontributionin olinear and large N limit� main ontribution omes from antiollinear pole� ollinear poles ontribute at �nite N� disonneted diagrams give ontribution at �nite N
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